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制。本文统计分析了 118 个人类疾病相关的选择性剪接基因编码区中 2,903
个单核苷酸替代的特征：在选择性剪接基因的单碱基替代中， 普通的替代
类型依次是 C|T (C/T 或 T/C) (31.97 %) 和 A|G (28.14 %)替换、G|T (13.65 %)
和 C|G (12.47 %)， A|C 和 A|T 替换是较少的，分别为 7.44 %和 6.34 %。转
换（A|G 和 C|T）60.11 %大于颠换（A|C、G|T、A|T 和 C|G）39.89 %。密码
子第一、第二和第三位碱基替代的等次分别为 C > G > A > T、 G > C > T > A 
和 C > G >T > A，其比例分别为 49.26 %、42.16 %和 8.58 %。在对 60 种生
物 (13 种真核生物，26 种细菌，5 种古细菌和 16 种病毒) 基因组和 60 种
细胞器 (40 种线粒体和 20 种叶绿体) 基因组的密码子与互补密码子数据的
分析中，显示密码子与互补密码子存在显著或极显著的相关性。对 70 个物种

































Genetic code is the biological language in communication between DNA and 
protein. To reveal the role of different usage of genetic codons and their 
complementary codons in the evolution of disease-associated alternative splicing, 
118 alternatively spliced human genes with 2,903 nucleotide substitutions were 
statistically analyzed. It is found that nucleotide tranitions has overall 
preponderance over nucleotide transversions (60.11 % versus 39.89 %). The 
propobility of substituation in the first, second and third base of codons are 49.26 
%, 42.16 % and 8.58 %, respectively. Among tri-nucleotides (triplets) formed by 
the substitutions (denoted as N) and their immediate neighboring nucleotides (5' 
to 3'), 1,866 (64.28 %) are of pyrimidine-N-purine or purine-N-purine types. 
Futher exon analysis of these disease-related genes found that single base 
substitutions are much denser within the first and last two exons than that of 
middle exons. 83.91 % of substitutions have occurred within exons that have a 
medium range (40 ~ 65 %) of GC content. Larger exons seem to have suffered 
fewer substitutions. Additional study of 44 cellular organisms, 16 viruses, 40 
mitochondria and 20 chloroplasts indicates that there exist significant correlation 
between codons and corresponding complementary codons usage in species 
except virus. Moreover, phylogentic tree was generated based on this finding, 
which is comparable to traditional molecular evolution tree. 
 
 














































































图1-1  选择性剪接的模式. （选自文献[8]）灰色表示组成性剪接的外显子，
从始至终都存在于mRNA中，有网格线的表示选择性剪接的外显子，它们可
能存在于mRNA中，也可能被剪切掉。 
Fig 1-1  Patterns of alternatvie splicing. Constitutive sequences present in all 
final mRNAs are gray boxes. Alternative RNA segments that may or may not be 



























（exonic splicing silencers, ESSs）。相应地，内含子中也存在内含子增强子








































图1-2 剪接体的装配过程. （引自文献[11]） 



























1.3  选择性剪接与人类疾病 
目前的研究发现，许多疾病都是由于前体mRNA剪接错误导致的，剪接
位点的改变、错误的调控过程都会导致疾病的产生。根据人类基因突变数据
库（Human Gene Mutation Database）统计的结果，在人类突变的基因中，有
10%是由于选择性剪接位点突变引起的P[15]P。按照外显子的平均长度为 300 个
核苷酸计算，在前体mRNA的 3’剪接位点附近，大约每隔 20 个碱基就有一个




































遗传病（familial isolated growth hormone deficiency type II, IGHD II）。IGHD II
是由于GH-1（垂体前叶生长激素）基因突变导致的显性遗传病，患者主要特
征为身材异常矮小。GH-1 基因有 5 个外显子，同时还存在一定比例的选择
性剪接mRNA（5%-10%）。GH-1 的全长蛋白质分子量为 22 kDa，然而，3’
剪接位点的选择性剪接使其产生另外两个蛋白质：一个是分子量为 20kDa的







































心血管畸形等。目前已发现的有两种DM， 常见的DM1 是由位于 19q13.3
上DM蛋白激酶基因（DMPK）的 3’UTR的CTG重复数增加所致，正常个体




结果使其作用的靶基因心肌肌钙蛋白T（cardiac troponin T, CTNT）基因、肌
肉特异性氯离子通道 1 基因（muscle-specific choride channel 1, CIC-1）、胰岛























表 1-1 选择性剪接导致的人类疾病 
Table 1-1 Human diseases associated with aberrant or defective alternative 
splicing. 







(Cancer in different tissues) 




















































G-蛋白 β3 外显子跳过 
Ⅱ型糖原贮积症 





































































































WT 1 剪接中间物不平衡 
癫痫症 
(Epilepsy) 












































大约 3%含有内含子，且只有 6 个基因中含有 2 个内含子；而酵母家族中的
另一成员，裂殖酵母（Schizosaccharomyces pombe），约 43%的基因存在选择
性剪接，并且许多基因中含有多个内含子，然而，该物种迄今仍未发现选择




































Fig 1-4 Length difference alternative splicing. The alternative exon sequences 
are highlighted. Asterisks show invariant residues, colons show positions 
occupied by very similar residues and full stops show somewhat similar residues 
in all aligned sequences. Species abbreviations: Sc, Saccharomyces cerevisiae, Pa, 
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